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Abstract
We studied the instability of the novel 4D charged Einstein-Gauss-Bonnet de-Sitter
black holes under charged scalar perturbations. The unstable modes satisfy the superra-
diant condition, but not all modes satisfying the superradiant condition are unstable. The
instability occurs when the cosmological constant is small and the black hole charge is
not too large. The Gauss-Bonnet coupling constant makes the unstable black hole more
unstable when both the black hole charge and cosmological constant are small, and makes
the stable black hole more stable when the black hole charge is large.
1 Introduction
It is known that general relativity should be modified from both the viewpoint of theory and
observation. For examples the general relativity can not be renormalized and can not explain
the dark side of the Universe. On the other hand, the Lovelock theorem states that in four
dimensional vacuum spacetime, the general relativity with a cosmological constant is the unique
metric theory of gravity with second order equations of motion and covariant divergence-free
[1]. Beyond general relativity, one must go to higher dimensional spacetime, or add extra fields,
or allow higher order derivative of metric or even abandon the Riemannian geometry. Various
modified gravity theories have been proposed [2]. In this work, we focus on the Einstein-Gauss-
Bonnet (EGB) gravity. The EGB gravity is one of most promising candidates of modified
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gravity. It has second order equations of motion and free of Ostrogradsky instability [3]. It
appears naturally in the low energy effective action of heterotic string theory [4]. However,
the Gauss-Bonnet (GB) term has nontrivial dynamics only in higher dimensions in general. In
four dimensional spacetime, it is a topological term and does not contribute to the dynamics.
By rescaling the GB coupling constant in a special way, novel four dimensional GB black hole
solution was found recently [5]. This work provides a new classical four dimensional gravity
theory and has inspired many studies, including the new black hole solutions [6–8], perturbations
[9–12], shadow and geodesics [13], thermodynamics [14], and other aspects [15, 16].
The novel black hole solution has some remarkable properties. Its singularity at the center
is timelike. The gravitational force near the center is repulsive and the free infalling particles
can not reach the singularity [5]. One may expect that the novel black hole solution would also
show some new properties under perturbations, and some related works have been done [9, 11].
The study of the stability of black hole is an active area in black hole physics. It can be used
to extract the parameters of the black hole such as its mass, charge and angular momentum.
The stability of black hole is also related to gravitational wave, black hole thermodynamics,
information paradox and holography, etc. [17]. Among these studies, the stability of black hole
in asymptotic de Sitter (dS) spacetime is intriguing. The Kerr black hole in dS spacetime also
behaves very different with those in asymptotic spacetime under perturbations [18]. The four
dimensional Reissner-Nordström-de Sitter (RN-dS) may violate the strong cosmic censorship
[19, 20]. The higher dimensional RN-dS and Gauss-Bonnet-de Sitter (GB-dS) black holes are
unstable [21, 22].
A quite surprising and still not very well understood result was discovered in [23–25],
where they showed that RN-dS black hole is unstable under charged scalar perturbations. Such
instability satisfies superradiance condition [26]. However, only the monopole l = 0 suffers
from this instability. Higher multipoles are stable. This is distinct from superradiance. To
understand the precise mechanism, one may need the nonlinear studies, which was partially
answered in recent works [20]. In this paper, we consider the instability of the novel 4D charged
EGB black hole in asymptotic dS spacetime under charged scalar perturbations. We will see
that the behavior is very different with the case in asymptotic flat spacetime which has been
done in [11]. The Gauss-Bonnet coupling constant plays a more subtle role here.
The paper is organized as follows. Section 2 describes the novel 4D EGB-RN-dS black hole
and gives the reasonable parameters region. Section 3 shows the charged scalar perturbation
equations. Section 4 describes the numerical method we used and gives the results of the
quasinormal modes. Section 5 is the summary and discussion.
2
2 The 4D charged EGB-dS black hole
The action of the EGB gravity with electromagnetic field in D-dimensional spacetime has
the form
S =
1
16pi
ˆ
dDx
√−g
[
R + 2Λ +
α
D − 4G
2 − FµνF µν
]
, (2.1)
with R the Ricci scalar, g the determinant of the metric gµν , and Λ the positive cosmological
constant. The Maxwell tensor Fµν = ∂µAν − ∂νAµ, in which Aµ is the gauge potential. The
Gauss-Bonnet term
G2 = R2 − 4RµνRµν +RµναβRµναβ = 1
4
δµναβρσγδ R
ρσ
µνR
γδ
αβ, (2.2)
with Rµν the Ricci tensor and Rµναβ the Riemann tensor. We have rescaled the Gauss-Bonnet
coupling constant α by a factor 1
D−4 in (2.1).
Varying the action with respect to the metric, one gets the equation of motion
Gµν +
α
D − 4Hµν = Tµν + Λgµν . (2.3)
Here Gµν is the Einstein tensor and the contribution from the GB term is given by
Hµν = 2(RRµν − 2RµσRσν − 2RµσνρRσρ −RµσρβRσρβν)−
1
2
gµνG2. (2.4)
In general, Hµν vanishes in four dimensional spacetime and does not contribute to the dynamics.
However, it was argued that the vanishing of Hµν in four dimension might be canceled by the
rescaled GB coupling constant α
D−4 , and new solutions were found [5]. The energy-momentum
tensor of the Maxwell field in (2.3) takes the form
Tµν =
1
4
(
FµσF
σ
ν −
1
4
gµνFαβF
αβ
)
. (2.5)
In spherical symmetric spacetime, the electrovacuum solution of (2.3) can be written as
ds2 = −f(r)dt2 + 1
f(r)
dr2 + r2(dθ2 + sin2 θdφ2), (2.6)
where the metric function
f(r) = 1 +
r2
2α
(
1−
√
1 + 4α
(
M
r3
− Q
2
r4
+
Λ
3
))
, (2.7)
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and the gauge potential
A = −Q
r
dt. (2.8)
Here M is the black hole mass and Q the black hole charge. When α → 0, this solution
returns to the RN-dS black hole. As r → ∞, it gives the asymptotic dS spacetime with an
effective positive cosmological constant. Note that the solution (2.6) coincides formally with the
ones obtained from conformal anomaly and quantum corrections [27] and those from Horndeski
theory [8].
The parameters M and Q are positive. The GB coupling constant α can be either positive
or negative here. In appropriate parameter region, the solution has three horizons: the inner
horizon r−, the event horizon r+ and cosmological horizon rc. For negative α, the metric function
may not be real in small r region. But since we are only interested in the region between r+
and rc, we allow negative α in this work. For convenience, hereafter we fix the black hole event
horizon r+ = 1. Then the mass parameter can be expressed as
M = 1− Λ
3
+Q2 + α. (2.9)
Note that to ensure f(1) = 0, there must be α > −1/2. The parameter region where allows
Q=1.15 Q=0.9
Q=0.6
Q=0
0 0.5 1 1.5
-0.5
0
0.5
1
Λ
α
Figure 1: The parameter region that allows the event horizon r+ and cosmological horizon rc.
The region is bounded by Q2 + α + Λ < 1, −0.5 < α, Λ > 0 and Q>0. As Q increases, the
allowed region for (Λ, α) shrinks. The extremal value of Q =
√
3/2.
the black hole event horizon r+ and the cosmological horizon rc can be determined by requiring
4
f ′(r+) > 0, which implies the black hole temperature is positive. This leads to
Q2 + α + Λ < 1. (2.10)
This formula is very similar to the neutral case [10]. The final parameter region is shown in
Fig. 1.
3 The charged scalar perturbation
It is known that fluctuations of order O() in the scalar field in a given background induce
changes in the spacetime geometry of order O(2) [26]. To leading order we can study the
perturbations on a fixed background geometry. Let us consider a massless charged scalar field
ψ on the background (2.6). Its equation of motion is
0 = DµDµψ ≡ gµν (∇µ − iqAµ) (∇ν − iqAν)ψ, (3.1)
where q is the scalar charge and ∇µ the covariant derivative. For generic background, we can
take the following decomposition
ψ =
∑
lm
ˆ
dωe−iωt
Ψ(r)
r
Ylm(θ, φ). (3.2)
Here Ylm(θ, φ) is the spherical harmonics on the two sphere S2. The angular part and the radial
part of the perturbation equation (3.1) decouple. What we are interested in is the radial part
which can be written as the Schrödinger-like form
0 =
∂2Ψ
∂r2∗
+
(
ω2 − 2qQ
r
ω − Veff
)
Ψ, (3.3)
where the tortoise coordinate dr∗ = dr/f is introduced. The effective potential reads
Veff = −q
2Q2
r2
+ f
(
l(l + 1)
r2
+
∂rf
r
)
. (3.4)
Unlike to the case in asymptotic flat spacetime where only one potential barrier appears between
r+ and rc, here a negative effective potential well may appear between r+ and rc. We will see
that this potential well plays an important role in the instability of charged EGB-dS black hole
under perturbations.
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The radial equation has following asymptotic behavior near the horizons.
Ψ→
e
−i
(
ω− qQ
r+
)
r∗ ∼ (r − r+)−
i
2κ+
(
ω− qQ
r+
)
, r → r+,
ei(ω−
qQ
rc
)r∗ ∼ (r − rc)−
i
2κc
(ω− qQrc ) , r → rc.
(3.5)
Here κ+ = 12f ′(r+) is the surface gravity on the event horizon and κc = − 12f ′(rc) the surface grav-
ity on the cosmological horizon. These asymptotic solution corresponds to ingoing boundary
condition near the event horizon and outgoing boundary condition near the cosmological hori-
zon. The system is dissipative and the frequency of the perturbations will be the composition
of quasinormal modes (QNMs). With the specific boundary condition (3.5), the radial equation
(3.3) can be solved as an eigenvalue problem. Only some discrete eigenfrequencies ω would
satisfy both the radial equation and boundary condition. One can write the eigenfrequency
as ω = ωR + iωI . When the imaginary part ωI > 0, the amplitude of perturbation will grow
exponentially and implies that the black hole is unstable at least in the linear perturbation
level.
4 The instability of the 4D charged EGB-dS black hole
The radial equation (3.3) is generally hard to solve analytically, except in the regime where
the frequency or the black hole size is very small [26, 28]. Many numerical method for QNMs
calculations were thus developed, such as WKB method, shooting method, continued fraction
method and Horowitz-Hubeny method [17]. Not all methods keeps high accuracy and efficiency
in the charged case [29]. In this work, we adopt the asymptotic iteration method. Also, we
testify our results from the asymptotic iteration methods with time evolution.
4.1 The asymptotic iteration method (AIM)
The asymptotic iteration method was used to solve the eigenvalues of the homogeneous
second order ordinary derivative functions [30]. Later it was used to look for the quasinormal
modes of black holes in asymptotic flat or (A)dS spacetime [31]. Let us first introduce an
auxiliary variable
ξ =
r − r+
rc − r+ . (4.1)
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It ranges from 0 to 1 as r runs from the event horizon to the cosmological horizon. The radial
equation (3.3) then becomes
0 =
∂2Ψ
∂ξ2
(
f
rc − r+
)2
+
∂Ψ
∂ξ
f∂ξf
(rc − r+)2
+
(ω − qQ
(rc − r+)ξ + r+
)2
− f
 l(l + 1) +
(
ξ + r+
rc−r+
)
∂ξf
[(rc − r+)ξ + r+]2
Ψ. (4.2)
The above equation is generally hard to solve analytically. We turn to the numerical method.
In terms of ξ, the asymptotic solution near the horizons can be written as
Ψ→
ξ
− i
2κ+
(
ω− qQ
r+
)
, ξ → 0,
(ξ − 1)− i2κc (ω− qQrc ) , ξ → 1.
(4.3)
Then we can write the full solution of (4.2) satisfying the asymptotic behavior (4.3) in the
following form
Ψ = ξ
− i
2κ+
(
ω− qQ
r+
)
(ξ − 1) i2κc (ω− qQrc ) χ(ξ). (4.4)
Here χ(ξ) is a regular function of ξ in range (0, 1) and obeys following homogeneous second
order differential equation
∂2χ
∂ξ2
= λ0(ξ)
∂χ
∂ξ
+ s0(ξ)χ, (4.5)
in which the coefficients
− λ0(ξ) =
i
(
ω − qQ
rc
)
(ξ − 1)κc −
i
(
ω − qQ
r+
)
κ+ξ
+
f ′(ξ)
f(ξ)
, (4.6)
−s0(ξ) =− (rc − r+) ((ξrc − ξr+ + r+)f
′(ξ) + l(l + 1) (rc − r+))
f(ξ) ((ξ − 1)r+ − ξrc) 2 (4.7)
−
(
ω − qQ
rc
)(
ωrc−qQ
2κcrc
+ i
)
2(ξ − 1)2κc +
(
ω − qQ
r+
)(
qQ−r+ω
2κ+r+
+ i
)
2κ+ξ2
+
(
ω − qQ
r+
)(
ω − qQ
rc
)
2κ+(ξ − 1)ξκc
+
if ′(ξ)
(
ω − qQ
rc
)
2(ξ − 1)κcf(ξ) −
if ′(ξ)
(
ω − qQ
r+
)
2κ+ξf(ξ)
+
(rc − r+) 2
(
ω − qQ
ξrc−ξr++r+
)
2
f(ξ)2
.
The coefficients λ0(ξ) and s0(ξ) are regular functions of ξ in the interval (0, 1). Now using
the same method described in [11], we can work out the quasinormal modes. We vary the
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iteration times and the expansion point to ensure the reliability of the results. The results are
also checked by using other auxiliary variables such as ξ = 1 − r+
r
or ξ =
(
1− r+
r
)
/
(
1− r+
rc
)
.
Except some extremal cases (Λ → 0 or the black hole becomes extremal), they coincides well.
Hereafter we set q = 1 for convenience.
4.2 The eigenfrequencies of the charged scalar perturbation
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Figure 2: The real part (left) and imaginary part (right) of the fundamental modes of the QNMs
when l = 0. Solid lines for Λ = 0.01, dashed lines for Λ = 0.1
Let us first study the effects of the black hole charge Q on the fundamental modes of the
QNMs. It is shown in Fig. 2. From the left panel, we see that ωR increases with Q almost
linearly. The slope is larger for larger Λ and α. In the right panel, ωI increases with small Q
and then decreases with larger Q. For large enough Q, the black hole becomes stable. When
Q is small, positive α increases ωI and negative α decreases ωI . This behavior is similar to the
case in asymptotic flat spacetime [11] . However, when Q is large, positive α decreases ωI and
negative α increases ωI . This is contrast with the cases in asymptotic flat spacetime. It implies
that the positive GB coupling constant can make the black hole more unstable when the black
hole charge Q is small and more stable when Q is large. Note further that no matter what
values Λ, α take, when Q→ 0, both ωR and ωI tend to 0 from above. This implies the weakly
charged black hole in dS spacetime is always unstable. The existence of α does not change this
phenomenon qualitatively.
Now we study the effects of α on the fundamental modes in detail. Fig. 3 shows the real
part of the fundamental modes ωR when Q = 0.1 and Q = 0.4. For fixed Q, the real part ωR
increases almost linearly with α and Λ. Combining the results from Fig. 2, we conclude that
ωR ∝ αΛQ.
The behavior of the imaginary part of the fundamental modes ωI is more interesting. In
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Figure 3: The real part of the fundamental modes of the QNMs when l = 0. Left panel for
Q = 0.1, right panel for Q = 0.4.
Fig. 4 we show the cases when Q = 0.1 and Q = 0.4. From the left and right panels, we see
that ωI increases with small Λ and decreases with larger Λ. The effects of α on ωI is subtle and
relevant to the Λ and Q. When both Q and Λ are small (left upper panel), ωI increases with
α. For small Q and larger Λ (right upper panel), ωI increases with α first and then decreases
with α. For larger Q (lower panels), ωI decreases with α. This phenomenon is very different
with the case in asymptotic flat spacetime [11], where α roughly increases ωI . This implies that
the positive GB coupling constant α can suppress the instability of black hole. As α increase,
it can even change the qualitative behavior of black hole under perturbations and render the
unstable black hole stable.
The instability we found here is very reminiscent of superradiance. However, the case is
subtle here. With the similar method used in [11, 24], one can show that superradiance occurs
only when
qQ
r+
> ω >
qQ
rc
. (4.8)
We see that some modes satisfying (4.8) are unstable, while there are indeed some modes satis-
fying (4.8) are stable. See Table 1 for evidence. In fact, as shown in [11, 24], the superradiant
condition is the necessary but not sufficient condition for instability. The precise mechanism of
the instability found here need more studies and will be addressed in section 5.
We also directly compute the time-evolution of the perturbation field ψ to further reveal
the instability of the 4D charged EGB-dS black hole. For time evolution, the Schrödinger-like
equation becomes,
− ∂
2Ψ
∂t2
− 2iqQ
r
∂Ψ
∂t
+
∂2Ψ
∂r2∗
− V (r)Ψ = 0, (4.9)
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Figure 4: The imaginary part of the fundamental modes of the QNMs when l = 0. The upper
panel for Q = 0.1, lower panel for Q = 0.4. Left panel shows the cases for small Λ, the right
panel for larger Λ.
In order to compute the time evolution of ψ we adopt the discretization introduced in [23]. The
reliability of this numerical method can be verified by the convergence of computations when
increasing the sampling density. We impose the following initial profile,
Ψ(r∗, t) = 0, t < 0,
Ψ(r∗, t) = exp
[
−(r∗ − a)
2
2b2
]
, t = 0.
(4.10)
The discretization of equation (4.9) is implemented in (r∗, t) plane. Also, we fix ∆t/∆r∗ = 0.5
in order to satisfy the von Newmann stability conditions. Unlike some other analytical models
where the r∗ can be solved analytically, here the r∗(r) can only be obtained numerically. The
r∗(r) diverges as limr→r+ → −∞ and limr→rc → ∞, hence the error of the numerical r∗(r)
can be very large at the near horizon region. Therefore, we introduce a cutoff  solve the r∗(r)
10
α qQ
r+
qQ
rc
ω (AIM) ωI (time domain)
0.5 0.1 0.0244042 0.0290311+0.0001514i 0.0001515
0.6 0.1 0.0248557 0.0297114+0.0000779i 0.0000780
0.65 0.1 0.0250987 0.0300692+0.0000191i 0.0000192
0.7 0.1 0.0253547 0.0304355–0.0000541i -0.0000547
0.75 0.1 0.0256252 0.0308094–0.0001400i -0.0001390
Table 1: The fundamental modes when Q = 0.1,Λ = 0.12 and l = 0, which corresponds to the
orange line in the upper right panel of Fig. 4. The last column is the imaginary part of the frequency
extracted from the time evolution.
relation by solving the below system,
r′∗(r) = 1/f(r), r∗(rh + ) = 0, with r ∈ [rh + , rc − ], (4.11)
Usually the cutoff  should not be too small, otherwise it leads to significant error of the resultant
r∗(r).
Q=0.409 Q=0.358 Q=0.306
Q=0.255 Q=0.203 Q=0.152
0 20 40 60 80 100 120 140
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10
|ψ| α=2/3, Λ=1/10
Λ=0.12 Λ=0.10 Λ=0.080Λ=0.060 Λ=0.040 Λ=0.020
0 20 40 60 80 100 120 140
t
5
6
7
8
9
10
|ψ| α=1/10, Q=2/5
Figure 5: Left panel: the time evolution of the |ψ(r∗ = 88.4216, t)| at α = 2/3, Λ = 1/10,
where each curve corresponds to different values of Q. Right panel: the time evolution of the
|ψ(r∗ = 88.4216, t)| at α = 1/10, Q = 2/5, where each curve corresponds to different values of
Λ. For both plots we fixed a = 88.4216, b = 1/10.
In order to obtain the late time evolution of the perturbation, we need to solve a large
range or r∗. Since 1/f tends to diverge when r → rh and r → rc, in near horizon region the
r∗(r) can be extracted analytically. A direct solution is to expand 1/f(r) with respect to rh,
because the horizon requires that 1/f(r) ∼ 1/(r− rh). However, this direct expansion can lead
to very large numerical error. A better solution is to expand f(r) with respect to rh, and then
obtain the expansion of 1/f in terms of the expansion coefficients of the f(r). After solving
the analytical expansion coefficients, one may glue the analytical expansion in the near horizon
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region and the numerical solution of the r∗(r) in r ∈ [rh + , rc− ]. In this way, one may obtain
a very large range of r∗ and a long-time evolution can be realized.
We show two examples of |ψ(t)| in log plot in Fig. 5, from which we can see that ln |ψ| has
linear dependence on t for late time evolution. From the left panel of Fig. 5, when Q is small
the system is unstable (ln |ψ| linearly decreases with t), while for large values of Q the system
becomes stable (ln |ψ| linearly grows with t). This is in accordance with previous results of the
frequency analysis (see the right panel of Fig. 2). From the right panel of Fig. 5 we see that
when Λ is small the system is unstable (ln |ψ| linearly increases with t), while for large values
of Λ the system becomes stable (ln |ψ| linearly decreases with t). This is in accordance with
previous results of the frequency analysis (see the bottom right panel of Fig. 4).
It is also important to verify the validity of the asymptotic iteration method with the time
evolution. Specifically, in the time evolution computation, we can extract the ωR by computing
the ∂t ln(|ψ|) at late time and compare that with those from the frequency analysis. We provide
the comparison in Table 1 (see the last two columns), from which we can see that all the time
evolution results perfectly matches with those of the asymptotic iteration method.
0.05 0.10 0.15
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
Λ
Q
Figure 6: The unstable region of the charged EGB-dS black hole under charged scalar pertur-
bation. The shadows under constant α lines are corresponding unstable regions. We fix q = 1
here.
Finally, we show the unstable region of the charged EGB-dS black hole under charged
scalar perturbation in Fig. 6. The black hole is unstable only when Λ and Q are not too large.
As Λ or Q increase, the black hole becomes less unstable. For positive α, the unstable region
shrinks. For negative α, the unstable region enlarges. Although we do not show the results
when Λ→ 0 due to the limitation of our numerical method, we can expect that there should be
sudden drops since we have found that there is no instability for asymptotic flat charged EGB
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black hole under charged scalar perturbation [11]. This phenomenon was also disclosed for the
RN-dS black hole in [24].
Q=0.1, Λ=0.12
α=-0.1α=0.4α=0.8
1.5 2.0 2.5 3.0 3.5 4.0 4.5
r
-0.02
0.02
0.04
0.06
0.08
Veff
Q=0.4, Λ=0.1
α=-0.2α=0α=0.4
2 3 4 5
r
-0.15
-0.10
-0.05
Veff
Figure 7: The effective potential when l = 0. They correspond to the orange line in the upper
right panel and orange line in the lower right panel of Fig 4, respectively.
Now let us take a look at the effective potential when l = 0. In the left panel of Fig. 7, we
see that there is a negative potential well between r+ and rc. This potential well is the key point
for the occurrence of instability. However, the negative effective potential does not guarantee
ωI > 0. For example, the case with α = 0.8 has a negative potential well, but the corresponding
ωI < 0. Thus the existence of a negative potential well can be view as the necessary but not
sufficient condition for the instability [32]. In the right panel of Fig. 7, the potential well
disappears for larger α. The perturbation wave can be easily absorbed by the black hole and
the corresponding background becomes stable under charged scalar perturbations. Note that
the positive cosmological constant is crucial here to creating the necessary potential well.
Now we consider the eigenfrequencies of the charged scalar perturbation when l = 1. We
show the fundamental modes in Fig. 8. The left panel shows that there is still ωR ∝ Q for
higher l. But α changes ωR little. All the fundamental modes has ωR < qQrc that live beyond
the superradiant condition. The left panel is different from that in Fig. 2. Here ωI increases
with Q and α monotonically. Note that all the modes are stable now.
The stability of the higher l can be explained from the effective potential, as shown in Fig.
9. There is only one potential barrier and not potential well to accumulate the energy to trigger
the instability.
We also provide the detailed time evolution for l 6= 0 in Fig. 10. From these two panels
we see that the perturbations indeed decays in long time evolution and larger l leads to more
significant decay of ψ, and hence no instability occurs for higher values of l.
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Figure 8: The real part (left) and imaginary part (right) of the fundamental modes when l = 1.
We fix Λ = 0.05 here. The case with other Λ are similar.
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Figure 9: The effective potential when l = 1. The cases with other Q,Λ are similar.
5 Summary and discussion
We studied the instability of charged 4D EGB-dS black hole under the charged massless
scalar perturbation. This instability satisfies the superradiant condition. However, not all the
modes satisfying the superradiant condition are unstable. The precise mechanism for the this
instability is not well understood. But the positive cosmological constant Λ should play a
crucial role. The instability occurs when the cosmological constant is small. This is reminiscent
of the Gregory-Laflamme instability [33] since here exists hierarchy between the black hole event
horizon and cosmological horizon. The instability here is different with the “Λ instability” found
in [12, 21, 22] which occurs when the black hole charge and the cosmological constant are large.
We analyzed this instability from the viewpoint of the effective potential. Higher l has
only one potential barrier beyond the event horizon. The perturbation dissipates and leads
no instability. The monopole l = 0 has a negative potential well between the event horizon
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Figure 10: The time evolution of the |ψ(r∗ = 88.4216, t)| in log plot at α = 1/10, Q = 2/5, a =
88.4216, b = 1/10 and q = 1, where each curve in both panels corresponds to different values
of Λ. The left and the right panel corresponds to l = 1 and l = 2, respectively.
and cosmological horizon, which can accumulate the energy to trigger the instability. But the
negative potential well is just the necessary but not sufficient condition for the instability.
Unlike the cases in asymptotic flat spacetime, the effects of the GB coupling constant α on
the perturbation is relevant to the black hole charge and cosmological constant. It makes the
unstable black hole more unstable when both the black hole charge and cosmological constant
are small, and makes the stable black hole more stable when the black hole charge is large.
The weakly charged black hole in dS spacetime is always unstable. The existence of α does not
change this phenomenon qualitatively. However, α can change the qualitative behavior when
the black hole charge is large, and make the unstable black hole stable. We show that the
unstable region of (Λ, Q) shrinks with positive α can enlarges with negative α. Unfortunately,
we do not get the accurate enough results when Λ → 0 due to the limitation of our numerical
method. The case when black hole becomes extremal is also beyond the effectiveness of this
method. The stability of extremal black hole may be very different with that of non-extremal
black hole. There is “horizon instability” universally [34]. We leave them for further study.
We point out several topics worthy of further investigations. The stability of massive
perturbation should be explored in detail to reveal how mass term affects the stability of the
charged perturbation. The stability of the 4D charged Einstein-Gauss-Bonnet anti de-Sitter are
also definitely interesting to find out. We plan to explore these directions in near future.
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